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Conclusions regarding transposition of Ppm in the alm 1 cultures.

The progeny tests described both in this section and in the last
section provide some information regarding stability of location of Spm.
It is clear from thafy that the time of occurrence of transposition of
Spm during development)and the frequency of this at any one time)is
controlled in some manner. Ghange in this undergone by an Spm element
appeured to be associated with transposition, its behavior in the former
location and in the new location often being deicdedly different. The
altered control of its behavior may be an expression of some modification
occurring to Spm during the transposition process, or it may reflect
participation in this of the particular -locus in the chromosome complemefit
at which Spm is inserted. Up to now, no evidence is available fpom
study of Spm favoring one or the other of these interpretations. As
mentioned earlier, evidence favoring the second interpretation was obtained
from study of transposition of Ds. Evidence of altered behivior of Spm,
following transposition of it, was given by several of the described tests.
1t was shown that following some transpositions, the relative frequency
of occurrence of subsequent tronsposition of Spm, and the time of this
during develcpment, could be strikingly different from that which it

expressed at its former location. Cases were cited in which it had been
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relatively stable when present at one location but became quite unstable
after it had been inserted at a new location. Cases in which the
reverse of this occurred, also were cited.

It was shown that when Spm resided at a particular site in
chromosome 6 in those plants in culture 6629A and in thier progeny which
gave approximately 35 percent recombinants with Y (table 29), it remained
relatively stable in this location, the frequency of appearance of progeny
plants in which Spm occuppied a new location being low. Nevertheless,
transposition of it from this location to a new location was observed
and several cases of this were subse uently analyzed (Progeny Tests

was

20 to 23, figure 2). Among them/one bazaar case involving the Behavior
of “pm in plant 6666C~7 and its progeny (Progeny Tests 14 to 16, figure 2).
In this plant, transposition of Spm occurred at a very high rate. From
the type of sterility that was expressed by each of the two testcross
ears obtained from this plant, it is suspected that insertion of Spm
at some locations in the chromosome complement may result in ch.nge -n
gene action at the site of insertion, and this may cause eithgr lethality

for the cell having it at one such site, or it may cause some modification

of gene action that alters the capacity of the cell to function normally.
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In those cases where its insertion at a new location did not produce such
deleterious effects, viable kernels in which Spm occupied a new location
were produced. The location and behavior of Spm in the plants derived
from each could be analyzed. This was done for five kernels on one of
the ears of plant 6666C-7. In the plants derived from each of them
Spm occuppied a different location. One transposition had inserted Spm
close to Y in chromosome 6 and from this location few subsequent
transpositions occurred (Progeny Test 15, figure 2). In ontrast, an
insertion of it into chromwsome 9 resulted in a high frequency of
subsequent transpositiomns, and these occurred both during early and late
development of those plants th:t had it at this location in their
zygote nuclei (Progeny Test 16, figure 2). In contrast to this, another
case of insertion of Spm into chromosome 9 was followed by subsequent
transpositions of it that were confined mainly to the early stages of
plant development (Progeny Tests 6 to 13, figure 2).

The mode of examining transposition of Spm did not allow detection
of those cases that placed it at a new location in the same chromosome in
which it had been residing when this new location was close to that which

it formerly occuppied. Therefore, accurate estimates of rates of

transposition of Spm could not be made. Estimates of this may be
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formulated only from those detected cases th .t placed Spm in a new
location, either in another chromosome of the complement or at a location
in the same chromosome sufficiently distant from its former location to
markedly alter the freguency of appearance of recombinants with the
gene marker in the chromosome that waéused for determining its presence in
this chromosome, Even though it is realized that transposition of a
controlling element frequently places it at a new location +that is not
far removed from its former location in the same chromosome,and that in
this study estimates of the frequency of occurrence of this could not be
made, it was apparent, nevertheless, that difference s in rates and times
of occurrence of transposition of Spm could be expressed to a striking
degreeywhen measured only by those cases of it that were readily detectible.
The test methods used in this study allowed detection of the location
of Spm if it had been inserted into chromosomes 3, 5, 6, or 9, and g

<
resided close enbught to an allele of the markers Shz, Pr, Y, or Wx
to give evidence of linkage of it with any one of them. Cases of its
insertion at d&fferent locations in chro..osomes 5, 6, and 9 were

discussed in this section along with the characteristic behavior of Spm

at each location in one of these chromosomes. It is probably only a
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coincidence that the examined cases of insertion of Spm at diffe ¢nt
locations in chromosome 6 were followed by a considerable degree of
stability of Spm at ezch of these locations whereas, in contrast, the
examined cases of insertion of it in chromosome 9 were followed by high
rates of subsequent transposition. It was also noted that in
sequentiad transpositions of Spm no evidence of preferance of one location
over another was exhibited. In other words, if Spm were transposed
from a known location to a new location, subsequent transposition of it
did not tend& to return it to the location it formerly occuppied.
Linkage of Spm with a given gene marker, carried either in
chromosome 5, 6, or 9, was examined in a number of plants. In some of
the tables in this section is entered the percent of the recombinant
classes or the percent of one of them. It is obvious from those given
in the tables accompanying the descriptions of frogeny Tests 5, 6, 24,
and 26, that such percents do not serve as a measure of crossing over
between the site of insertion of Spm in the chromosome and the locms of

the gene marker. “f the rate of late
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occurring transposition is high, then many individuals within the
recémbinant class carry in them a newly transposed Spm element, as
discussed earlier {page ). Also, the closer is Spm to the marker, the
less reliance may be placed on the given percent of recombination in
estimating the location of Spm with reference to the marker. Only by
means of progeny tests can an accurate estimate of this be made,

In tnis study, a number of cases were mentioned in which plants
having two or more Spm elements appesred in the progeny of ones in wrich
only one “pm was present. An explanation of the probable origin of cells
having two Spm elements in them from ones in which only one was present,
and the relation of this to cells having no Spm, was discussed e rlier
‘page000). 1t might be suspect~d that cells having more than 2 ®pm
elements in them could arise from successive transpositions of Spm in
the progeny of cells in which two were present. This may be the segucnce
of events that is responsible for the appearance of some cells having more
than 2 Spm elements in them but possibly this explanation may not apply
to all of them, Cases of similar type were examined by Brink with the
controlling element Mp (= Ac) in which he could not relate all of this type
to sucdessive transpositions of Mp. For study of transposition, Ac is wweh-

more fivorable than Spm because change in dose of it leads to recognizable
N
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change in phenotyp&c expression, each dose being correlated with a

particular type of change in expression of the gene whose mutation

pattern it controls. The dose of Spm is difficult to determine on the
vy e

basis o{\pattern produced by alm-l. A change in this has nof effect on

the pattern of mutation but it does have an effect on the frequency of

appearance of the pale pigmented areas, either in plant or kernel,

that arise from loss or inactivation of Spm. The higher the dose of Spm,

the less frequent will cells be formed in which Spm is either absent or

inactive.

From the discussions given in this and the previous section, it is
evident that the number of Spm elements that will appear in individuals
of the progeny of one having a known number of them will depend upon the
behavior of the particular Spm elements that are present in the parent.
Nevertheless, a summary of the relation betwveen the number of “pm elements
in a palnt and that in its progeny may be of some interest and, therefore,
table 60 was prepared to illustrate this. In its preparation, the Spm
number in the part of the plant that produced the first ear on the
main stalk was used. Included in the table are the progeny tests that

were conduced during the summers of 1952 to 1955. In this table, no

consideration is given to the number of plants in which a newly transposed
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Spm element was known to be present. The table merely gives the
number of Spm elements that weee present in the part of the plant that
produced the first ear on the main stalk. Tables 61 and 62 illustrate
the agreement with and the differences in the number of ®pm elements
that were present in different parts of the same plant. In these
tables, also, no consideration is given to known differences in location
of Spm in different parts of one plant. Only ©Spm number is considered.
In the studies so far reported, no case was detected of complete

stability of location of Spm, thatis, in which Spm remained at one location.

locattonmin--the chrovosomewcomﬁléﬁéﬁ%;éﬁd”if”ES“a“casewinmwh;@hmthaw

state of Spm different from that which was present in. all . plants.so.far.

, R
considered. Thiswst&%ew0£—Spm7wsymbalizﬂd7§pm:wmhﬁCause of its weakened

=L and-2. 21 ang to dinducemrtation

capacity to suppress-gene action gt = 5

1

to or towards Al or'Az, will be considered in the mext-part-ofthis

réport.

N
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PART LV

Change in Mode of Action of Spm
S Wy @il 4w Lopaedy ; S w

On some of the ears produced by plants in culture 6629, grown in

the summer of 1953, a few kernels appeared that had only one or several
dots of Al type pigment in a non-pigmented background instead of the many

spots of this pigment type that were exhibited by most of the variegated

{ rec M? - )
kernels on the ears of these plants. KLernels of the former type were
~
( axl Yaikg re)

selected from 8 of the ears{ Each of the 37 plants derived from them
wrtsad ) beung vordg alid d0 b el w & mon- prouncal @ ioderuund

was pale pigmentedy as if no Spm were present in any one of them. On the
A
testcross ears produced by the majority of these plants, only pale

pigmented kernels appeared. Un the ears of several of them, however,:
pheno
many kernels appeared showing the same/type as that given by the kernel
(rmmvﬂio )
from which the plant arose. One of them was plant 6683%B-2, which was
A

alm—l (state 5719A-1) Sh2/a1 sh,, Pr/Pr, ¥/y, Wx/wx in constitution.
Gnton

An ear of this plant had been used in a cross with a plant that wasﬂ1¥ et
A

m-1 aUﬂ b

homozygous for state 5719A-1 a . .
M 1 , for Shzg Pr=% 2nd wx and it had

no Spm. This same tester plant had been used in ma¥ing many crosses
i bt ﬁt‘.ir*’uu"'w( I
during the summer of 1954 and it was known that the alm_l in it would
A

respond to Spm by giving the pattern of pigmentes shots whown in photo °

bl A
On the ear produced by plant 6683B-2, there were both pale and variegated
1

kernels but in the variegated class, the number of pigmented spots .
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(Vm%og)

was very low, the majority of kernels having only 1 or 2 such spotgi
Also, as stated above, plant 6683B-2 was pale pigmented instead of being
variegated, as would be expected if Spm were present. The kernels on the
testcross ear of plant 6683B-2 were of three types; 169 were uniformly
pale pigmented, 118 were colorless except for 1 or several dots of the

Al type pigment, and 51 were totally colorless. If the last two classes
are combined, there is a 1 to 1 ratio of pale colored kernels to those
that are colorless, or ncarly so. This ratio suggested that in this
plants some factor resembling Spm in its action was segregating. it
suppressed gene action at alm_l in the kernel but not in the plant, and
it was mucl less effective in inducing mutation to or towards Al in the

L

kernel. Some of the kernels that had Iwor several small Al dots in a

colorless background were sown in the summer of 1955 under cul ture
number 6888. Tests conducted with the plants derived from them indicated

that the factor responsible for the altered phenoty-ic expression of

m-1

a; had been carried in one of the chromosomes 5 of the parent plant,

©6683B-2. It resembled an Spm whose capacity for action had been much
weakened and for this reason it was given the symbol Spm-w., Study of
this Spm-w extended through 5 generations of plants and these included

»
Y

examination of the effects it produced on different states of hesh alm-l
/\ »
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Before these investigations are reported, several other cases will be
reviewed briefly in which a modified type of Spm action was detected in the
progeny of individual plants in which a fully active Spm was known to be
present.

As mentioned above, only a few of the plants derived from kernels
having the described modified type of variegation pattern that were grown
in the summer of 1954 gave evidence of the presence in them of Spm, either
by their appe.rance or from the phenotypes of the kernels on theiz testcross
eara. At that tire, the reason for this was not understood. Ifwas only
sometime later that it was learned thatone of the types of change in Spm,
responsible for the appenrance of some of the kernels with only a few Al
dots in them may be inactivation of Spm. In plants having a fully
active Spm, change from the active to the innctive phase may take place
in some cells, and when this is occurring in a kernel, the altered activity
may be noted by an altured pattern of v riegation within the aleurone
layer of the kernel. In plants derived rom such kernels, Ppm may
remain in its inactive phase throught development of the plant. The
nature of this tyre of change in Spm will be described ..i the coetion of

this report dealing with inactivation of Spm. Change of Spm from fully

active to partially active likewise occurs in some cells and the differences

in grage of this
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may be disﬁingumshed. It is these anges in Spm that.t

B — -

o T——— e

seétion will coﬂ;iaer.
listinets ]
a o
OnAtestcross ears produced by seme-ef—the fully v riegnted plants
grown in the summer of 1954, HKernels having the above mentioned types of
change in Spm were noted. Often, ongy one to several kernels on an
ear exhibited an 'altered pattcrn of variegation. On a few ears, however,
a large number of them appeared, and this was true of the testcross ear

produced by plant 6665E-9 which was a m_l(state 5919A-1) Shz/al sh,, Y/y

1
in constitution (see table 18 for origin of plant). Pollen from a plant

of the tester stock that was homozygous for a sh2, pr, and y had been

1

used in making the cross to plant 6665E-Q. Among the 169 Sh2 keinels

on the resulting ear, 1 was totally A1 in phenotype, 38 were uniformly
thud‘bmiuwu,wnuwz Ry apety wo tolouess hoshegoud,

pale pigmenied, B4 were fully variegateq: 40 were colotrless except for bne

or several Al dots, and 7 were totally colorless. If the pale colored

class and the two latter classes are combined, the ratio of kernels types

on this ear suggested that a fully active Spm might be carried in the

Y bearins chromosome 6 of plant 6665E-9 because among the pale colored

kernels and those with the modified phenotype, 30 were Y and 56 were y,

and among the fully variegated class of kernels 45 were Y and 38 were y.

In the former group, about one half of the kernels exhibited the modified
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Y
- ‘s“\ -

phenotype, being colorless or colorless with one or several A dots.

1

Pn e N
PN ’,"_L.U \\ f\/

This suggested that some factor was present in plant 6665E-Q whese
AN

J

presenee was responsible for modification of alm—l expression, that 1t
b'i l\%(}‘) fﬂ ’ ’,. ft”(lhf ! /t - :lvu' ’"“ \uﬂ '_'{},,-S:_}
was segregat;éé independently of’ Spm butﬂcoild be recognlzed readily only

5
when Spm” was absent. It was decided, therefore, to examine plants

derived from some of the colorless kernels that had only a few A, dots

1

in them and these were grown in the summer of 1955 under culture number

A socdhA 1 aidsWhat wew Wnted, -
6886, W Spm—w was found to be present in them—3nd_aga;n,_li_mas_leeaﬁed

in—ehromoseome—b,

On the testcross ear produced by plant 6662E-16, that was aq sh2/

a; sh,, Y/y in constituticn (see table 18 for origin of this plant),

some variegated kcernels appeared that exhibited a much reduced number of
';!E‘\( ‘ 4-‘-.:‘;‘\[\/‘ »_\'J- . .

, : < Vo
A, dots in a colorless background in addition to fuddy variegated kernels.

The pollen parent th.t was used in making the cross to plant 6662E-16

-

was homozygous for state 5718 alm—l, for Sh2, pr, ¥y and wx and it had no
> 1
Spm. The expected behavior in the presence of Spm of the alm— in this

tester plant had been fully attested as it had been used in making many
P
testcrosses to plants having Spm in them. On the ear produced by plant

6662E-16 there were 76 pale colored kernels, 26 of which were ¥ and 50

were y. In addition, there were 289 variegated kernels, 117 of which
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were Y and 112 were y. However, the pattern of variegation among them

was not the same. Some were fully variegated but others had a much
Nwetoony
reduced number of Al spots. ,Plants were grown from the fully variegated
under culture number 6870 in the summer of 1955\
kernels on this ear/aadwgﬁeh—tested for the presence or absence of Spm-w
< It
in them in addition to the—fuIly=setive Spm- From tests comdueted—with

these—ptants it was learned that awﬁu&é¥:at¢ive Spm hadlgggn—p¥eeent in

the Y bearing chromosome 6 in olant’6662E 16 but in addition, an Spm-w

i wd wit tihted yudh & T appoand m G o T q

also was presentd *$~was-passan#—;n—h&%ﬁ—ef-the phants derived from

the: fully variegated kernels on the e:ir of plant 6662E-16.
Y The Spm-w_in plant 6683B-2

Discussion of Spm-w will commence with the plant® in culture 6888,

derived from kcrnels on the testcross e.r ofplant 6683B-2. As given
above, this plant was alm-l (state 5919A-1) Shz/al sh,, Pr/Pr, y/y, Wx/wx

in constitution and the pollen parent used in making the cross with this

- )
ot ”é e %
plant had beenAhomozygous for state 5719A-1 alm_l and for Shz, pPr, ¥ and
€ o, a0 \R) '
wx and it had no Spm. As reported, half of the kernels on this ear were
A

uniformly pale pigmented and half were either colorless or had one to
several dots of Al in ¥k a colorless background. Eight plants were

grown from the uniformly pale class of kernels on this ear. Each was

UMAL
uniform.y pale pigmented and am ears of eesh plantswes used in a cross with

a plant that was homozygous for a sh,, and y and in which one falliy

1’ 2
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Conduchoe . _ o Wu(l?

aetive Spm’ was present. This was dome iIn EXAmMIREX or der
p

e tokoidy 4 G Tt e poc
, o+ the alm—l in each plant wewtd react nemmediy to Spmf

Ears were obtained from 7 of the 8 plants and the kernel types on these

ears are entered in table 63. Half of the alm-l carrying kernels on earh

ear were pale colored and half were variegated, giving the patteen of

(Shan-s) variegated
this expected when a fully active Spm element is present. Only two /
. A )

kernels on these 7 ears had a reduced number of Al dots in them. The

ek

kernel types on these ears contrasted greatly with the tyvpes appearing on
A
in culture 6888
the ears of plnts/th:t had been derived from colorless kernels in which

only 1 or several Al dots were present when the same pollen parents were

J
U 1T PN
used in making crosses to them. The kernel types on these enrs' are .»fé
Laln NV f) ( L&, [, nefir + A t{, of f i g%utw ,!}4,/’]' £, ”{)’ }‘»A ua AR L({/ \':i.";;/ii,*jg .j"f\“‘:
Y ot < &

given in table 64. \ Half of the alm -1 carrying kernels on thgéé-earé

were fully variegated but among the remain:ng half, half of these, in
turn, were RmX¥Xy uniformly pale pigmented and half were either totally

colorless or were colorless with 1 or several Al dots in them. Segrega-—

tin of the alleles,zmf Pr and p:)to the uniformly pale kernels and to

the colorless kernels with 1 or several A, dots left little doubt that

1

the factor responsible for the appe-rance of the colorless or nearly

/Juhxd ureh A f g
colorless kernels was carried-in-the Pr ehromosore in-
~\ A i 1;5, a'zl'd

it was-the--echromoserie that had been received from the p rent plant, 6683B-2
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I T

AL U’

The plants in culture 6888 th&i:gaxa_an_the;r ears the kernels types

(were pale”E gmented but thezfi) ! wiea gnur’
entered in table 64/did—met—devetoe pjgment as rapldly a8 the plants
Aot ot Boiyf %(;dpr*éuuu

that gave the kernel types entered in table 63. Thuvp&gmen%—dc#e&eyed
QﬂUuA Froo

m&&h:mere.slew&yaln them, in some plamtes the intensity of thls was

Tl T et debuwed) wvao

not uniform. baaﬁays appezred in which the intensity of thls was much

A
v

reduced or occasianally incre sed.
In addition to the crosses entered in tables 63 and 64, an ear

was obtained from one plant in culture 6888 that had been derived from

wah 10 Wg‘m fj(f ifﬂrw ”ul @”f el DL

;‘!‘f‘é A ¢ 2 "
a meae colorless kerne%‘

1 ik ineel wd,
for alm— (stite 5718), and for Shz, pr, ¥, and wx and ¥ had no Spm.
~

A

On this ear there were 468 kernels; 253 were uniformly pale colored of
which 70 were Fr and 183 were pr, 143 were colorless with 1 or several
Al dots and 112 of these were Pr ana >4 were pr, and in addition there
were 69 totally colorless kernels. Again, it was clear that the

b %}1N’IW11'IMH}J\“}ij
wegitened Smein t~is- plant was carried in the chromosome 5 that had been

<\

Lo por 3
received from plant}6683B-2. Ten plants were grown from the uniformly
Pr :g_~’ vy o

pale colored/kernels and ten other plants were grown from the colorless
k- :rnels with or several dots of Al that were Pr in phenotype, under
culture numbers T7264A and 7264B in the summer of 1956. All ten plants

derived from the uniformly pale colored kernels were themselves, uniformly
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pale pigmented. Those derived from the colorless kernels with few A

1

dots in them also were pale pigmented but

W BErE
R giLKXXdeveloped very slowly. Also,

U}’ \}fvf 1 U 1’:‘ T/!{. Sl A
1nten51ty of thls appeared within some of these plants,

.t . N
L Ypivy - 0 T a3 5 ./""
DMy ne e o MJ b”jn ;‘;n el

aad=sn distinct séig:;s within the plan&. All plants in culture 7264

were crossed by plants th:t were homozygous for either state 57194-1 a™'

or state 5718 alm_l, and for Shz, ¥y, pr, and wx and that had no “pm in the@

On ears produced by all plants in A of culture 7264, only uniformly pale

pigmentelkernels appe.red. On all ears produced by plants in B of this

culture, pale colored kernels, colorless kernels, and colorless kernels

with ore or several Al dots appeired. Linkage of the latter phenot eg

with Pr and the fizgg? phenotyp with pr was clearly evident on all ears.

The phenotypes of kernels on enrs of 9 plants in culture 7264B are

entered in line 4 of table 65. in one plant, 7264B-6, §pm-w was

present and carried in the chromosome 5 with Pr but it was almost

completely inactive in many kernels on this ear. The kernel types on
?Z?y

this esr a-e entered in the last line of table 65, The-kernels placed

in the "inactive " “Bfmw class were lightly pigmented and the distribution

of this was uneven, giving a mottled appe :rance to the aleurone layer.

&' ;{2‘;‘.3;- - !'}. ‘ ‘,«"’. SRR 'l )
¥his is +ae typical appearance of the aleurone layerfaizshe‘bpm e
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is very weakly active.,

Continued examination of the Spm-w, originally present in plant
6683B-2, included tests of its presence or absence in plants having
a number of different conctitutions. In order to facilitate presentation
of the evidence obtained from these tests, several chants were constructed,
figures 5 to 7. Figure 5 illustrates the origin of the plants in

LoD~ O

culture 6888Aderived frogakernelf on the ear of plant 6683B—2Jand the
constitution of the pollen parent used in making a cross to each. From
the ear of plant 6888D-2 (see 2, under Progeny Grown in Summer of 1955)
kernels were selected and plants growm from then given culture number

T b \eangr o3 Doy 1oty Gt Ui Tob Luebiielad Uit Bicant W Feiegicy 2irif, N

7264 (see 3, under Progeny Grown in Suammer of 195614 Kernels were alsq(é

3

selected from both the first and the second esr on the main stalk of o
<

plant 6888C-3 (see under 1 of Progeny Grown in Summer of 1955) and the %
3

g

plants grown from theywwere given culture numbers 7262 and 7263. The %
N

phenotyes of the kernels selected from each of these two ears are ;5
given in figure 5 under 1 and 2 of Progeny Grown in Summer of 1956. &
A1l plants in cultures 7262 to 7264 were crossed by plants that wereQ

Ay

Bxik®er homozygous for ed 3 m-1

| - Sttt ay and foﬁ¢;&
Phauts -Puwocsous dov A sty STIAR-1 acue wby uaad o e gibe cioaso (b foa {ouralatia |

Shz, pr, y and wx and they had no Spm in themiﬂe On the ears produced

by plants in culture 7262A and 72644, no variegated kernels of any type
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appeared. All were uniformly pale pigmented. Variegated kernels appearé
on the testcross eirs of all other plants in these three cultures.

Each plant in cultures 7262C and D, in 7263C and D and in 7264B carried
Spm-w but not Spm—s)and figure 6 was prepared to show the constitution of

o)
these plants with res -ect to uguﬁzkixixxxnf the alleles of Pr, and—the

Thuiopvmud\”o

_locaticon of Spm-w. The kernel tyves on the'ears of these plants are
N A -~
entered in table 65 according to the constitution given in figure 6.

*t may be seen that Spmw was carried in chromosome 5 in 22 of the 24 plants
M

that were Pr/pr but in two plants, no evidence was given of linkase of

it with this marker in chromosome 5.

The kernels that gavef rise to the plants hevimg Spes in—them
bﬂdgpm4swdmm-

{$eese in B of culture 7262 and in A and B of culture 7263% Goutd—nod
I\

o~
‘w’

benSelectka}for the presence or absence of Spm-w Ln—them—aes for the g%m@
o 2odh U Wb\ aupdd A planits damwmm’&w"

number of location of the Spm-s elements. In this respect, they proved
A A

to be gquite heterogenous. Altogether there were 11 different m%uqu§u&Z
constitution among the 21 tested plantg}and these are given in figure 7.

In 12 plants, no Spm—w was present?ﬂﬁilt was present in the remaining 9
J woee

plants and carried in chromosone 5 in each. The male parent of these
A

plants had 1 Spm-s element in it)and it was located in one of its 2wo

Yy bearing chromiosomes 6. Thirteen of the 21 plants in figure 7 were Y/y.
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In 11 of them, one Spm-3 was present and it was linked with é{in 10 of
these 11 plants. Two b‘]_om—s elements were present in one plant (7263A-3,
figure 7)one of which was carried in the Yy bearing chromosome 6., In
the remaining plant that was Y/y (plant 7262B-2), three Spm-s elements
were present, one of which was carried in %g ¥y bearing chromosome 6.
The types of kernels appearing on the ears of vlants entered in figure
7 under the heading "No Spm-w" are given in table 66. They reveal the
number of Spm-s elements present in each plant and the location of them
with respect to the alleles of Y. in those plants that had an Spm-s
element not linked with Y, no evidence was given of its linkage with
A , B

»E&Splkeithor Fr in chr mosome 5 o€CWX in chromosome 9. Also, on these ears,
only one kernel was present that had a much reduced number of Al spots in
its aleurone iayer. The kernel types on the ears of plants entered in
1 and 2 under the heading "Spm-w present" in figure 7 aee shown in table
67, and those entered in 3 and 4 under this heading are given in table 68,
From the data giwen in each of these two tables, it is evident that O pm-s
and Spm-w segregated independently of one another, and that in the
majority of the Y/y plants, ©pm-s was carried in chromosome 6, axd Spm-w

o

in the chromosome 5 originally derived from the grandparent plant,

6683B-2. It also was clear that Spm-s is epistatic to Spm-w, all kernels
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with Spm-s having many Al dots im—them regardlegs of whether or not Spm-w
is also present in themn.

Response of state 57004 alg-l to Spm-w

Ine following year, 1957, plants were grown from some of the kernels
having Spm-w but no Spm-s in order to introduce Spm-w into plants having
g

a state of alm_l other than 5718 or 5719A-1. With either of these two

st .tes, mhe number of mutations to or E@ards Al is very much reduced when

o W\Euwd

Spm-w is present, there being mzmmE only 1/gﬁa§fvﬁia&o$;or none apper.
/\
It was dewired, therefore, to determine to what degree Spm-w wo 1d reduce
mutation frequency with a state that gives a large number of mutant spots
s« Xale 5906~y
when Spm-s is present. For thid test’, state 57004 wlng selected (see—photo.
A
&@r. State 5700A produced very many mutant areas both in plant and kernel
with Som-s and a number of‘mutations occur early in development of both

(nit 2o @0)

plant and kerne%;

To obtain plants héving state 5700A and no Spm in them, pale colored
kernels were seleéted from the self-pollinsted eir of plant 6702-2 which
was alm_l(state 57004 ) Sh2/31 sh,, Pr/pr and it had no Spm in it (see
table 18 and 23))and from the pale Sh2 class of kernels on each of two

ears produced by the cross of plant 6702-2 to plants that were homozygous

for a, and sh2 and in which no Spm was present, The plants having Spm-w,
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grown in the summer of 1957, were derived from Spm-w carrying kernels on
5"
the ears of two plants, 7262C-2 and 7262D-4, entcred in figure 6 and table @{
Each was Br Spm-w/pr +é alm'l (state 57194-1) Dhg/al sh2 in constitution,

and the ear of each was produced by a cross with a plant that was homozygous

lm-l and for Sh,, y, pr, and wx and in which no Spm was
T 1)
present. Plants were grown from kernels on each emr that had purpde

£

for state 5719A-1 a

spots (Pr/pr) or red spots (pr/pr) in them. Tests were conducted with

each plant that was used in a cross with a plant carrying state 5700A

alm-l in order to determine its constitution. For this purpose, pollen

lm—l and for sh,, pr, y and wx

from plants homozygous for state 5719A-1 a
and in which no °pm was present was placed on the silks of these plants.

The kernel tyces on the resulting ears produced by 4 plants that were

m-1

hormozygouvs for st te 5719A-1 aq

and Sh, and were Pr Spm-w/pr + are
given in t=ble 69. Spm-w was carried in the chromosome 5 with Pr in each
of these plants.
Examination of kernel types appearing on the ears produced by
intercrosses between plgnts carrying Spm-w and those having state 57004
1

indicated that state 57004 alm_ responded to Spm-w by producing many

fewer mu&ant spots than it does with Spm-s (see photos 00 and 00). Also,

the time of occurrence of mutation was much delayed. Most of the Al
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spots in the kernels having state 5700A were small and this contrrsted with
the many spots of large sigze that appear when Spm-s is present. The
number of pigmented spots was much greater, however, than that which appearsc

in kernels having either state 5718 or state 5719A-1 when Spm-w is present.

m-1

For further study of the effect of Spm-w on state 5700A 2, ,

kernels were selected from ears produced by plants that were homozsgous for
state 5700A in which no Spm was present when crossed by plants that were
homozygous for st:te 5719A-1 and having Sgm-w in them. All kernels on

LA
these ears had\state 5700A and state 57194-1 in them. It wnas necessary

to grow plants from kernels having both states of alm—l in them and to
cross them by plants that were homozygous for aq and in which no Som was
present in order to compare the response of each state 6 ithe Spm-w present
in the plant. Among the kernels on the rssulting ears, half should carry
state 57194-1 and the other half should carry st te 5700A. The response

of each state to Spm-w could then be campared directly among the kernels

on an e r.
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for one of the tests conducted wi%h state 5700 alm‘l to determine

L

4= response to Spm—w{ plants were grown from kernels on an ear produced

by the cross of a plant that was Pr/pr and homozygous for state 57004 and

no Svm was nresent bv one
bt Ml Daadiand £ - o hafiaiadind

b

hat was

.0 W LU : 557 AR

5719A-1, Sh2 and pr and in which 1 Spm-w was present. “31f of the
kernels on this ear were pale colored and the other half were v riegated.
The pattern of Al spots among the variegated class of kernels resembled

that produced by state 5719A-1 when Spm-s is present (see photos Yo

Br
Ten kernels were sown in the summ=zr of 1958 from the pale,class of kernels

VY

under culture number 7530A and 16 kernels were sown from the variegated,Pr
’ /N

Agiass under culture number 7530B. All plants arising from the pale kerne?
were uniformly pigmented. Those arising from the variegated cadss showed
small streaks of Al pigment in a non-pigmented background during early
development and the pattern of streazks resembled that produced by state
5719A—1 in the presence of Spm-s. As the plants matured, pigment develop-

ed in the background. The patt rn of small snots of A, in the kernels and

1
of small stre:ks in the plant most probably were produced by mutation
occurring to state 5700A, the contribution to thgs of state 5719A-1 being

small., This was made evident by the kernel tynes that appeared on the

testcross ears of these plants.
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b
VJU‘ Y n-'.h.

1t was necessary to ke=rm th t the uniformly pigmented plants,
A

arising from the pale class of ke rnels on the ear ju 't described, had no
these

Spm irn them and also to verify that ®mxzk plants carried state 5719A-1 in

one chrouosome 3 and stzate 5700A in the other chromosome 3 | botg of which

would respord in the expected manner to the presence of Spm-s. ThereforeL

crosses were m . de to plants in culture 7530A using for t is purpose pollen

from plants that were homozygous for a, and shz, Some of the pollen

came from plants that had no Spm in them whereas it was present in other

Y Wuda polim wes tfLad of -

plants. The types of kernels appearing on the ears of five plants in
A

70
culture 75304, produced by these crosses, are shown in table 9.

It was ob¥iens from thesme tests th't no Spm was present in these plants and

w o

that the—two states of a, p@eeent-xn:ﬁ&eh.would respond in the expected

p,w(m &JWMWJ
manner to bpm—s. 4'the

pattern of variegation given by

~

" N
wo ot e

each st:te was so eraat th:t no difficulties were experienced in separ:i 1ng

tele 5100R %‘mww;w% AYaly 7198

e kernels having ane or the ather of thesetwo—states.

Plants in B of culture thai - were vamsegated were crossed by plants

homozygous for a; and sh2 and in which no Spm was present. Seven test
cross ears were obtained from these plants and the types of kernels on
each ear are given in table 7¢. A1l plants in culture 75308 were Pr/pr

in constitution. 1t had been planned to cross these plants by ones that
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were homozygous for a1 shz, and pr but all plants of this constitution

died in early stages of development due to unusually unfavorable growing

podou wen totivetel N

conditions in the summer of 1958, Therefore, plants ws@%beed froem a
A

wthay
culture in which the alleles of Pr were segregating. Some plants were
m ZA
Pr/Pr, others Pr/pr and still others pr/pr. The constitution of any one
plant with regard to the alleles of Pr could not be known in advance of
4 To s (lasl) w wilivp 1530R
test of each. thbse used in the crosses, all three constitutions were
represented., It was expected that e Spm-w would be carried in the pr
chromosome in theg plants in culture 7530B and that linkage of the
variegated class with pr would appear among the kernels on the testcross
ears they produced., Among the ears given in table 7¢, one pollen parent
was Pr/Pr, 4 were Pr/pr and 2 were pr/pro/ It was evident th:t Spm-w was
carried in the pr chromosome in each of the plantgﬂentered in table 7¢.
(On the two ears produced by the cross with a plant that w:s homozygous for
recombinant
pr, the percent of/kernels wixk among the variegated class was 33,
Among the variegnted class of kernels on the ears entered in table 7§

Uypoo

two classes counld be distinguished readily. One had many dots of A1
and the other had only or several of them. In the total, theréwere

o\Y | b
659 kernels Ké,the former class—and 579 ﬂﬁ-the latter géass. In ~ddition,

there were 90 colorless kernels. <Lf the colorless kernels are added to



200

to those in the latter class, a 1 : 1 eegeregation ratio appears. ﬁe?-XHg

g

wo—tYygeses—of kornels having Spm-w in them. The latter class resembles

in phenot ,pe that appearing with state 5719A-1 and Spm-w and the former

iﬂﬁp in the kernel
type the same as that/whath gave rise to shch plant, and these kernels

had both state 5700A and state 5719A-~1 in then. Obviously, then, the

kernels that have many A, dots carry in them stute 5700A and those with

1

ﬁ$' Ak o,
or several A1 dots orAaneAcolorless wiih_ae—AT—éeés,hﬂve state 5719A-1

in them. In other words, haﬁﬁe of the kernels on these ears had no

Spm-w in them and were uniformly pale colored and hslf carried SPmM=W o

o

Half of these, in thrn, carried st-te 5700A and half carried state 5719A-1,
A
hoA |

It appeurs eviden§ that ®pm-w reduces mutation frequency in a proportional
, A ,

manner, the number of mutatt spots that are produced in its presence
being a fraction of that which appe rs wwhen “pm-s is present. This

relationship was also found to be true when Spm-w was introduced into

Pl very _
¥lants carrying stoste 5996-4, which preduees,/many mutant spots with Ppm-s

but fur fewer of them with Spm-w. Before this is considered, another

test conducted with st-te 5700A and Spm-w will be discussed. It was

o g et pagt ot Sy Span W i (etlll

examined because &£ change in action of ®pm-w had occurred that nedured

A
e UM w

even further its capacity to induce mutation.
A
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The ear of a plant homozygous for state 5719A-1 and 5h2 that was
Pr +/pr Spm-w was used in a cross with a rlant homozygous for st te
57004, ShZ’ and Pr in which no ®pm was present. On theks ear there were
in

148 pale colored kernels and 140 colorless kernels wath spots of Al

them. However, the number of Al spots wasefar fewer than that appearing
’M\’,}W‘V

on ears of other plants produced byAcrosses conducted with thg@lant

carrying state 57004, *nstead of several hundred Al dots, the number

among the varieg ted kernels on this ear ranged from as low as 15 to

as high as approximately 100 with the majority of kernels hiving about

30 to 50 of them. Some of the variegated kernels were selected from

this ear and grown in the summer of 1958 under culture number F829. The

ears of five of these plants were used in the cross with plants that were

homnozygous for aq and in which no Spm was present. The kernel tynes on

these ears are shown in table 72 and the planis are arranged according to
on their ears

the proportion of kernels/that were colorless whth no Al spots in them.

This was done because there was a distinct correlation between the percent

of colorless kernels and these ears and the number of Al dots that

were present in the kernels having state 5700A and Spm-w, the higher the

proportion of totally colorless kernels on the ear, the lower the averarse

number of Al dots that appeared in the kernels having state 57004,
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However, on all e~rs, a few kernels appeired with very many dots of A1

in them or sectors appeared in some kernels in which the number of Al

dots was very much increased. <1t appe red that the Spm-w in the parent

plant that introduced it into the plants of cubture 7529 was less

at a m-1

effective in its capacity to induce mutat_on/eith%r with state 5700A or
wubeaquea

with state 5719A-1, and also thatwchange in this was occurring in

individual cells leading to a much increased capacity of it to

induce mutation. Difference$ in mutation-inducing capacity of Spm as
© pivirons sametty n 1

well as its inhibitewy capacity gene action at alm— have been nosged

in studies of other Spm-w isolates. Just as Spm-s may undergo change

to give Spm-w type action, so majpy Spm-w undergo change to or toward

Spm-s type action. ; 2

lwggi\ow)g

Change in degree of action of Spm-w may be noted in the plant as

A
w
well asAthe ke¢rnel. In some plants, distinct sectors appear in which the
capacity of Ppm-w to suppress gene action at alm—l was increased. The

anthocyanin pigment in these sectors was much lighter than in the rest of
the plant. Also, some sectors appe red in which no pigment could be
detected and within a few of them, small streaks of Al type pigment

were present. From studies of the type described here and also from

to be
those that investigated itactivations of Spm, there seems, little doubt
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that the capacity of Spm to induce mutation is directly correlated with

its capacity to inhibit gene expression at alm-l. Spm-w represents and

intermedi te state between a fully active Spm and one that is totally
inactive. tts capacity to induce mut-tion is reduced along with its

caﬁamity to inhibit gene expressiog>; 1t is possible that the apparent

L

m-1 m~1

double mode of action of Spm--supression of gene action at a and a,

1
and induction of mutation at both of these loci,--is the consequence of a
single initial reaction in the cell for which Spm is responsible. .

Another factor enetering into consideration of °pm-w will be mentioned
here as it has significance in appreciating the relation of Spm-w to Spm-s.
A modifier was found to be present in a single kernel on an ear of a plant
carrying Spm-s. Its presence is made evident only when Spm also is
present. The origin and detailed mode of behavior of it will be

considered in the section of this report dealing with the Modifier. When

present with either “pm-s or Spm-w, an approximate three-fold increase in

m-1
1 [ ]

mutation frequency is produced with states 5718 and 5719A-1 of a
The importance of menti ning it here is to indicase that the mutation
increase it induces is the same with either “pm¥s or Spm-w. Kernels
having in them an Spm with a low grade of action can nog be distinguished

from ones in which the Spm is fully active whenever the Modifier also is

present. However, if Spm is totally inactive, the Modifier has no effect
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t all.
at a Response of state 5996-4 to Svm—w

Tests of the effect of ®pm-w, derived initially from plant 6683B-2, on
state 5996-~4 alm_l were conducted at the same tiwe as those with st.te
57004, just dscsc . ibed. in tnepresence of Spm-s, swate 5996-4 gives an

exceedingly high number of small muiant spots in both plant and kernel,

‘he number of them may be so high that a'kernel?having this state and Spm-s

often appears to be totally pigmented. Examination with magnification
Ao prrwd o 1oealed
reveals that this phenotype is produced byAmany mutant s»ots very close
A
to one another. In some kernels that are purpdg, (Pr), the diffusion

rims about each murant spot may run together and this may make it

6uﬂm,n&¢,e4a%wumﬂmlﬁ&ﬂ9 whatle

difficult ¢r impossible to know widh-ceriainty if~the phenotype arose from

AN
whr oy X

a germinal mutation to Al or was produced by many mutant s»ots whose &iffuei.
A

diffusion rims h2ve run together, making the alauronerlayer appear to be
" . Fuom m@%% ;o Qs wd iy Couletle ditede
totally Al in phenotype.A In Mernels that are homozygous for pr,
however, the diffusion rims are much lighter in shade and in these
QMQQ R, a“&%&
kernels no such difficulties are expurienced. The many dots, pl:.ce very
A A 2,
close to one another may be détected. By -use—-ef the pr pherotyve, it
Lo '
was learned that germinal mutation is infrequent with state 5996-4,

Because state 5996-4 produced many late occurring mutations with a

fully active Spm-s, it is a very sensitive indicator of any somatically
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uﬁi‘o&
occurring cpiange in Spm- and—bthis—eppties—demkkxto—any state of Sepm—that
A
sometimes
may -be—preosent. Sectors/appear in kernels in which the action of Spm

is altered. If the ©pm present is undergoing change in a number of cells

during development of the kernel, the pattern of mutant spots in the

kernel is quite irregular. If Spm undergoes few changes during development
the pattcrn is quite regular. I1lustrations of tris with Spm-s are
o

shown in photographs 00 and 00) Zhis state very effeotively‘shoyg)the
A e

oA

types of changs‘occurr;&g to Spm-w. Ppm-w, initially obtzined from plant
6683B-2, reduces the percent of mutations with state 5996-4 as it did
with state 57004, and the mode of testing for this was the same as that
Just described for state 57004, In one test, pollen from a plant that
was alm_l (state 5996-4) Shz/a1 sh, was placed on the silks of a plant

homozygous for state 5919A-1, and Sh2 and having one Som-w. Un the
Vo L | 2estt yn i faso - W ool hoo wort
resulting ear there were 196 pale colored kernels, 86 k- rnels with a!mwu%
L awdreoriong iy Verduw . QoA pea- W Pl
number—of A, dotswin them éha%e%vieaslynhad state 5996—4Aiﬁ—$hegk 98
A

kernels with 1 or several Al dots And 4 kernels that were totally colorlesgf
Mwmﬁugﬁdpﬁwxua%w%lQwudUSWHB1aw90§wﬂGNww.
2. The change in action occurring to Spm-w during the develovnment of the

uA

kernels hav.ng it was illustrated in a striking manner k¥ those that had
SHpon-w el

qstate 5996-4 in them. In the majority of kernels, sectors were present

d
in which many dots of A1 weﬁgfg;ggeﬁé %? the $¥¢tern of this was similar



to that given when Spm-s is present. (See photos 00). in the kernels

that had only state 5719A-\Vin them, more than the usual number of Al dots
N
un Gt ,,
were—present. 1t seemed clear that the Spm-w in thetributed by the female
™ M*ﬁmtbﬁ@d@

parent was undergoing rather fresuent change during development of the

N
- e
kernel and this occurred early enough in some cells’that thir progeny

B ,
e ailfud W pockon. ochh e
could skew theschange resgsdy by the pattern of Al dots in them:
A A

~ When t&e pollen from the plant carrying state 5996-4 was placed on the

of an ear 0Ja {Jout WA)“(%?
silks/of another/Spm-w carrying of similar constitution to that ju-t
o) oW 6u

described, there were 167 uniformly pale pigmented kernels, 92 thathad

AR A .
a-number—of- dots of Al H—tkem, 39 that had only 1 or 2 Al dots and 62
that were totally ocolorless. It was obtvious from the reduced number of

Al dots and from the infrequent appearance of sectors in which many Al

dots appe red, that the Spm-w contributed by the female parent was

early
undergoing very few changes during/development of the kernel. Change in

] 3 % gl
Spm-w was occurring but in indivmdual cellsAquite late in development.
A

(See Photos 00). The impression gainea from whe study of state 5996-4
with ~ m-1

and Spm-w is that mutation to Al will occur &x any state of 51 only

after some modification has occurred to “pm itslef during development and

that the number of mutant spots seen in a kernel with any one state

is a reflection of the time of occurrence of change in Spm and the

frecuency of this occurrence at any one time,



